Non-geometric flux compactifications with frozen complex structure moduli have been recently studied for several phenomenological purposes. Motivated by the same, we analyze the possibility of realizing de-Sitter solutions in the context of N = 1 type II non-geometric flux compactifications using the T 6 /(Z 3 × Z 3 ) toroidal orientifolds. For the type IIB case, we observe that the Bianchi identities are too strong to simultaneously allow both the NS-NS three-form flux (H 3 ) and the non-geometric (Q) flux to take non-zero values, which makes this model irrelevant for phenomenology due to the no-scale structure. For the type IIA case, we find that all the (non-geometric) flux solutions satisfying the Bianchi identities result in de-Sitter no-go scenarios except for one case in which the no-go condition can be evaded. However for this case also, in our numerical investigation we do not find any trustworthy de-Sitter vacua using the integer fluxes satisfying all the Bianchi identities.
Introduction
In the context of moduli stabilization, the four-dimensional effective potentials arising from type II flux compactifications have attracted a lot attention since more than a decade [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In particular, the study of non-geometric flux compactifications and their fourdimensional scalar potentials have led to a continuous progress in various phenomenological aspects such as towards moduli stabilization, in constructing de-Sitter vacua and also in realizing the minimal aspects of inflationary cosmology [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . In the context of Type II supergravity theories, such (non-)geometric fluxes arise from a successive application of the T-duality on the NS-NS three-form flux H 3 [31] [32] [33] [34] [35] [36] [37] , and the exciting part about studying these fluxes is the fact that they can generically induce tree level contributions to the scalar potential for all the moduli and hence can subsequently help in dynamically stabilizing them through the lowest order effects. Moreover, the common presence of the non-geometric fluxes in Double Field Theory (DFT), superstring flux-compactifications, and the gauged supergravities has helped in understanding a variety of interconnecting aspects in these three formulations along with opening new windows for exploring some phenomenological aspects as well [12, 16, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . Moreover, the non-geometric flux compactification scenarios also present some interesting utilisations of the symplectic geometries [54, 55] to formulate the effective scalar potentials; e.g. see [56] [57] [58] , which generalize the work of [2, 3] by including the non-geometric fluxes. The ten-dimensional origin of the four-dimensional non-geometric scalar potentials have been explored recently via an iterative series of works in the supergravity theories [44-47, 49, 50, 55, 59-63] and through some robust realization of the Double Field Theory (DFT) reduction on Calabi Yau threefolds [64] . Moreover, a concrete connection among the type II effective potentials derived from DFT reductions and those of the symplectic approach has been established in [56, 57] . A recent review on the developments in the non-geometric flux compactifications can be found in [65] .
Although a consistent incorporation of the various non-geometric fluxes enriches the compactification background creating more/better possibilities for model building, it is still not fully known how many and which type of fluxes can be simultaneously turned-on. However, it has been observed through explicit constructions that it is quite constraining to consistently satisfy all the quadratic flux constraints coming from the various Bianchi identities and the tadpole cancellation conditions. In this regard, there have been two formulations for computing the Bianchi identities; the standard one mostly applicable to toroidal orientifolds involves fluxes with non-cohomology indices [14, 17, 36] , while in the cohomology formulation fluxes are represented using the non-trivial cohomology indices [14, 66, 67] . For obvious reasons the later one is utilized for simplifying the scalar potentials in the models developed in the beyond toroidal settings. However, a mismatch between the two sets of constraints arising from the Bianchi identities of these two formulations have been observed in [14, 51] and studied in some good detail in [68, 69] . The additional identities in the cohomology formulation might be relevant in the recent interesting studies performed in [25] [26] [27] [28] [29] 70] .
In the context of type IIA flux compactifications, some significant initiatives for the moduli stabilization and the study of scalar potential have been taken, e.g. see [4, 13, 14, 50, [71] [72] [73] [74] [75] [76] [77] , and in the meantime, several no-go scenarios forbidding de-Sitter and inflationary realizations have been also found [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] . In close connections with these type IIA no-go scenarios, the swampland conjecture of [98] about obstructing the de-Sitter realization in a consistent theory of quantum gravity has been recently promoted as a bound involving the scalar potential (V ) and its derivatives
where the constant c is an order one quantity. This bound in eqn. (1.1) does not only forbid the de-Sitter minima but also the de-Sitter maxima as well, and several counter examples were known [81, 87, [99] [100] [101] or have been proposed soon after the proposal was made [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] reflecting the need of refining the conjecture. Subsequently a refined version of the conjecture has been proposed which states that at least one of the following two constraints should always hold [113] ,
where c and c > 0 are order one constants. These two parameters are related to the well known inflationary parameters, namely the and η parameters; e.g. see [80, 114] , where = 1 2 c 2 and |η| = c , and these are needed to be sufficiently smaller than one for having the slow-roll inflation. In the meanwhile, there have been a surge in related studies in connection with this conjecture [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] [126] ; see [127] also for a recent review. The swampland conjecture [98] has been also found to be in close connections with the allowed inflaton field range in a trustworthy effective field theory description as it has been argued that massive tower of states can get excited after a certain limit to the inflaton excursions [128] [129] [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] [141] [142] . However, let us also note that in contrary to the (minimal) de-Sitter no-go scenarios, there have been tremendous amount of efforts leading to several proposals for realizing stable de-Sitter vacua in the context of string model building [1, [143] [144] [145] [146] [147] [148] [149] [150] [151] [152] [153] [154] ; see [155, 156] also for the F -theoretic initiatives taken in this regard. We also refer the interested readers to a recent review in [157] .
Toroidal orientifolds have been utilized as basic toolkits for several model building purposes. Being simple they facilitate a playground for performing explicit computations for non-geometric flux compactifications as well. In connection to that, non-geometric flux compactifications with rigid (CY) threefolds have recently witnessed a significant amount of interest in studying some phenomenological aspects [25, 26, 28, 60, 158] . In the absence of any active complex structure moduli, these setups are quite simple for explicit computations. In this article we consider one such rigid construction using the T 6 /(Z 3 ×Z 3 ) orbifold with the aim to perform a deep investigation on finding de-Sitter vacua using non-geometric fluxes satisfying all the NS-NS Bianchi identities. For that purpose, firstly we will explore the mismatch of identities for the N = 2 rigid compactifications using the T 6 /(Z 3 × Z 3 ) orbifold, and subsequently for the N = 1 type IIA and type IIB orientifolds to be used later on. It has been a quite conventional anticipation that the inclusion of non-geometric fluxes can (always) provide a window for evading the classical de-Sitter no-go theorems, however using the T -dual dictionary of [159] and the mirror arguments, several no-go scenarios have been derived in the context of non-geometric type IIB compactifications in [160] . However, given the fact that mirror of a rigid CY is not a CY [161] [162] [163] , a separate analysis for the type II scalar potentials obtained from the rigid compactifications is necessary to explore along the lines of de-Sitter swampland conjecture, and we aim to fill this gap in this article.
The article is organized as follows: In section 2 we present a short review on the generic type II non-geometric flux compactifications with the necessary ingredients relevant for the upcoming sections. Section 3 provides an explicit computation of the N = 2 Bianchi identities appearing in the type II orbifold compactification using a T 6 /(Z 3 × Z 3 ) threefold, where we also present the full set of flux constraints for the orientifolded type IIA and type IIB theories. Section 4 contains some detailed investigation of the de-Sitter no-go scenarios in type IIA non-geometric compactifications using the above toroidal model. Section 5 presents summary and conclusions. In addition, we have appended two sections A and B towards the end of the article, in which section A includes some details on the explicit computations for the allowed flux components, identities etc. for the T 6 /(Z 3 × Z 3 ) orientifolds while the section B presents a concise review on the type IIA scalar potential which we use in section 4 for studying the no-go's in rigid orientifolds in particular.
Non-geometric flux compactifications
In the generic N = 2 type II compactifications to four-dimensions, let us first fix the notations and conventions. We consider µ A as the basis of harmonic (1, 1)-forms andμ A as the respective basis of the dual (2, 2)-forms. Further, A Λ and B ∆ form the bases of (2, 1)-forms. In addition, we denote the zero-form as 1 and the six-form as Φ 6 . Further, the triple intersection numbers and the normalization of the various forms are fixed as,
To incorporate the effects of various NS-NS fluxes, we consider the twisted differential operator D defined as under,
where the action of various (non-)geometric fluxes via , and • on a p-from changes the same into a (p + 1)-form, a (p − 1)-form and a (p − 3)-form respectively. In order to see how these fluxes act on the harmonic-forms in a cohomology formulation, we consider a couple of multi-forms along with some redefinitions of the fluxes given as under [64, 67] ,
Using these redefinitions, one can compactly express the various flux actions on the harmonicforms using the twisted differential D,
Subsequently, expanding the various pieces, the non-trivial flux actions given in eqn. (2.4) can be equivalently rewritten in terms of the following 12 relations,
In addition, let us also mention the following moduli space metrics relevant for writing down the effective scalar potentials in the four-dimensional theory [5] ,
Here K is the Kähler potential depending the Kähler moduli T A = t A + i b A where t A denotes the volume of the two-cycle moduli and b A denotes the NS-NS B 2 axions. Further, M IJ presents the moduli space metric depending on the complex structure moduli written in terms of the derivatives of a pre-potential F, which is a homogeneous function of degree two in the complex coordinates X I . In addition, the shorthand notations such as
as well as κ AB as the inverse of κ AB , will be used whenever needed. For studying moduli stabilization and any subsequent phenomenology, a very crucial step to follow is to impose the constraints from various NS-NS Bianchi identities as well as RR tadpoles to get the true non-vanishing contribution to the effective four dimensional scalar potential. We have two formulations for representing the (NS-NS) Bianchi identities, and we emphasize here that both sets of Bianchi identities have their own advantages and limitations. In the 'cohomology formulation' fluxes are expressed in terms of cohomology indices counted via respective Hodge numbers while in the 'standard formulation', all the fluxes are written out using the real six-dimensional indices, e.g. H ijk etc.
Imposing the nilpotency of twisted differential operator D via D 2 A p = 0 where A p corresponds to the various harmonic forms, and using the flux actions in eqn. (2.4) one finds the following six quadratic flux constraints [67] ,
To be more specific in terms of the conventional H, ω, Q, and R flux, using the definitions in eqn. ( 
Total imposing the nilpotency of twisted differential operator D via D 2 A p = 0 where A p = 1 p! X i 1 ....ip dx 1 ∧ dx 2 .... ∧ dx p , one gets the five sets of Bianchi identities along with an 'extra constraint' in what we call the 'standard formulation'. These are given as under,
Note that one can easily derive these identities by using the various flux-actions defined as under [51, 164] ,
where the underlined indices inside the brackets [..] are anti-symmetrized, and in addition we have assumed that the components of ω flux and the Q-flux with one free index are absent, i.e. ω ij i = 0 and Q i ij = 0. This is something called as "tracelessness condition" [37, 164] and in the literature it is very common to impose this constraint, especially for the case of a Calabi Yau (CY) compactification as a CY does not have any homologically non-trivial one-as well as five-cycles, and hence for the CY orientifold cases it would be well justified to require that all flux components having effectively one (real six-dimensional) free-index to be trivial. For our current interest, we consider the fluxes to be constant parameters, however for the non-constant fluxes and in the presence of sources, these Bianchi identities are modified [48, 49, 165, 166] . Some rough estimates on the counting of the (maximum) possible twist-invariant flux components in cohomology formulation are presented in table 2. Moreover, after the orientifolding is imposed, it is easy to convince that the number of flux components in the cohomology formulation can be simply given as 2 (h 1,1 + 1) (h 2,1 + 1), which is half of the number before orientifolding [14, 69] . However, all these estimates and the countings would be further constrained by the Bianchi identities and the tadpole cancellation conditions.
Flux type
Flux type Max. number of (standard) (cohomology) flux components
Total 4 (h 1,1 + 1) (h 2,1 + 1) In this section, we discuss the Bianchi identities and their solutions for the N = 2 theory obtained in non-geometric compactifications using T 6 /(Z 3 × Z 3 ) orbifold, and subsequently we will present them for the type IIA and type IIB orientifolds as well.
Capturing the N = 2 missing Bianchi identities
While we place the explicit computations in the appendix A, the various flux conversion relations from the standard formulation to the cohomology formulation are given as under, 62 4 , ω 30 = − ω 24 6 ,
Using the cohomology formulation Bianchi identities given in table 1, we find the following set of constraints for this rigid toroidal orbifold,
As expected the total number of cohomology formulation identities is 29, which following from (h 1,1 + 1)(2 h 1,1 + 1) + (h 2,1 + 1)(2 h 2,1 + 1) as h 1,1 = 3 and h 2,1 = 0 for the present orbifold construction. In order to capture the missing Bianchi identities, we consider the flux constraints of the standard formulation presented in eqn. (2.9). Subsequently, using the flux conversion relations given in eqn. (3.1) one can translate those standard Bianchi identities into cohomology form, which after some reshuffling can be presented by a set of flux constraints collected as under,
In addition, the 'extra constraint' presented for the standard formulation as given in eqn.
(2.9) translates into the following cohomology form,
Therefore comparing the constraints arising in the two formulations, we obtain the following nine what we call "missing" Bianchi identities,
These identities certainly constrain the flux choice allowed by the usual cohomology formulation, and hence can have the potential to significantly affect any N = 2 phenomenological conclusion derived from the scalar potential. Moreover, we find that using the triple intersection numbers κ ABC such that κ 123 = 1, these missing identities can be expressed in the following manner,
In the above, κ −1 ABC = 1/κ ABC for fixed A, B, C whenever κ ABC = 0. It is important to mention that the above set of identities are well along the line with the conjectured form of the N = 1 missing Bianchi identities presented in [69] .
Bianchi identities for the type IIA orientifold
For the type IIA orientifold, the various flux action inherited from the N = 2 theory can be given as under,
In addition, we get the following set of Bianchi identities in the cohomology formulation,
where the bracket [..] appearing in the last two identities denote the anti-symmetrization of J and K indices. The various fluxes which appear in the N = 1 type IIA orientifold framework are given, along with their respective conversion relations to the cohomology formulation, as under:
Let us mention that for our type IIA setup with T 6 /(Z 3 ×Z 3 ) orientifold using the standard involution σ IIA : z i → −z i , the even (1,1)-cohomology and its dual odd (2,2)-cohomology are trivial, i.e. h 1,1 + = 0, and therefore all the 'hatted' fluxes in eqn. (3.8) which are counted via α ∈ h 1,1 + are projected out. Such a situation provides a strong constraint on the cohomology formulation of the Bianchi identities as it suggests that all the Bianchi identities of the class (I), (II), (IV) and (V) are identically trivial ! In fact, the only Bianchi identities which could be non-trivial turns out to be the following one,
However, for the case of frozen complex structure moduli, even the above identity is trivially satisfied. Thus, in our current type IIA construction all the cohomology formulation identities are trivial. However translating the standard formulation identities using the conversion relations in eqn. (3.10), one ends up having the following status on the Bianchi identities,
T rivial T rivial (extra constraint).
After looking at the index structure, it is clear that these identities correspond to the missing class, and do not arise from the list of cohomology identities. Moreover the same can be also written in the following form,
which matches with the conjecture given in [69] . Here we used κ −1 abc = 1/κ abc for fixed a, b, c whenever κ abc is non-zero. Recall that for the current toroidal model, the intersection numbers of typeκ aαβ are absent due to orientifold projection, and for the same reason, the flux componentsω α 0 andQ α0 are also projected out. The various possible solutions of these Bianchi identities presented in eqn. (3.12) can be expressed in the following eight classes, S1 : ω 10 = ω 20 = ω 30 = 0,
where in the above solutions if some flux components are not mentioned then it means that the same is not constrained in the given solution of identities. We will utilise these flux constraints for exploring the de-Sitter (no-go) scenarios in one of the upcoming sections.
Lessons from the missing Bianchi identities in the type IIB orientifold
The various fluxes which appear in the N = 1 type IIB orientifold framework are given, along with their respective conversion relations to the cohomology formulation, as under:
Thus we have 8 independent NS-NS flux components that survive the orbifold twist, and they are further constrained by the set of Bianchi identities which turns out to be of the following form,
Let us first analyse the cohomology formulation identities pretending that those are the only ones to worry about. In this regard, there are six such flux constraints which arise from the two classes of identities, namely
The same can be explicitly given as under,
These constraint are indeed a part of the standard set of Bianchi identities computed for this model as given in eqn. (3.15) . Assuming the case for H = 0 and Q = 0, i.e. when both the kinds of fluxes have at least one non-zero component, we find that there are four classes of solutions of the above set of Bianchi identities in eqn. (3.16) , which can be given as under,
Now we can observe that if one does not consider the set of missing identities, there are indeed some possible non-trivial solutions. In fact the solution (S1) is quite popular one as the cohomology formulation identities given in eqn. (3.16) can be trivially satisfied by switching-off half of the fluxes, either with the lower or with the upper h 2,1 -indices. However, imposing the additional (missing) identities from the full set of constraints given in eqn. (3.15) leads to vanishing of the Q-flux whenever we assume that H-flux has at least one non-zero component in order to stabilize the axion-dilaton (τ ) which is a universal chiral variable in type IIB setting. This observation should be also crucial for the recent phenomenological studies made for the case of frozen complex structure moduli, as these are the simplest possible setups which could have some non-trivial applications for moduli stabilization and breaking of the no-scale structure using non-geometric fluxes. So the main observation or the lesson which we get after analysing this type IIB compactification on the orientifold of a T 6 /(Z 3 × Z 3 )-orbifold is the fact that H = 0 implies Q = 0, i.e. no non-geometric flux can be turned-on in this rigid orientifold without switching-off the NS-NS three-form flux H 3 . This observation is apparently quite strong and a peculiar one in its own ! In that regard, let us also consider even a simpler case of the isotropic limit for the current example. This leads to the following identifications of the flux components, 18) which are constrained by the following three NS-NS Bianchi identities,
Here only the first identity correspond to the second formulation while the later two are the missing ones. It is now obvious that settingh 0 = 0 =q 10 which are usually sufficient to satisfy the first identity does not trivially satisfy the remaining two, and in fact leads to vanishing of Q-flux. On these lines, let is consider the following superpotential which can be generically written for a setting (beyond the toroidal example such as Calabi Yau) having the frozen complex structure moduli and a single Kähler modulus T , 20) in which the fluxes need to respect the single Bianchi identityh 0 q 1 0 = h 0q 10 as known from the cohomology formulation. Therefore, for studying the phenomenology, what one usually does is that to seth 0 = 0 =q 10 which leads to the well studied superpotential given as under [25, 26, 29, 158] , 21) and in addition to that one has to impose the RR tadpole cancellation conditions as well.
In this case, the no-scale structure is broken by the non-geometric (q 1 0 )-flux fixing the T modulus, and results in a set of AdS vacua, which would disappear if the missing Bianchi identities anticipated from the explicit computations for the rigid toroidal example continue to hold for the case of the rigid Calabi Yau orientifolds. However, one still needs to check if the missing identities we have anticipated to hold beyond the toroidal cases are true for the generic Calabi Yau compactifications.
With the reasons/observations elaborated as above, for the current article we will not consider the study of non-geometric type IIB scalar potentials arising in the rigid orientifold flux compactifications, though the interested readers can read-off the scalar potential for rigid compactifications from the generic results in [56, 60] .
Type IIA de-Sitter no-go scenarios
The non-geometric type IIA scalar potential has been generically computed in [57] , and we review the relevant pieces of information in the appendix B. Given that the explicit expressions of the scalar potential in terms of various moduli and axions are known, we are not only in a position to re-derive the various previously proposed no-go theorems regarding the dS/inflationary realizations but also we can explore more such conditions in a given specific setting with T 6 /(Z 3 × Z 3 ) orientifolds as we plan to present in this section.
Two known no-go conditions without non-geometric fluxes
To begin with, using our generic results for the type IIA scalar potential we will re-derive the de-Sitter no-go conditions for two particular models which have been presented in [71, 79, [81] [82] [83] . The first no-go condition corresponds to the case of having no geometric and non-geometric fluxes [71, 79] , while the second case includes geometric flux but does not include the non-geometric flux [81] [82] [83] .
For studying the swampland inequalities, let us focus on only in the (ρ, D) plane of the moduli space and ignore the other moduli dependences. In this regard, we follow the notations of [82] by using the following redefinitions,
where ρ measures the overall volume of the internal manifold while γ a 's correspond to the angular Kähler moduli. Subsequently, the scalar potential pieces given in eqns. (B.7)-(B.8) can be rewritten in the following manner,
where the various flux/moduli dependent quantities A i 's are explicitly given by the following expressions,
3)
A
In the above collection of A i 's, there are quantities involving only the angular Kähler moduli and not the ρ modulus, as they have been obtained after extracting the volume modulus via using t a = ρ γ a . Similarly the moduli space metric and its inverse can be given after extracting the powers of ρ in the following manner,
Note that none of the above quantities explicitly involve the ρ modulus. One can easily convince that our scalar potential in eqns. (4.2)-(4.3) reduces into the one presented in [82, 83] when the non-geometric Q and R fluxes are turned-off but the geometric flux contributions are present. Now using the new basis of moduli through the relation given in eqn. (4.1), the slow-roll parameter can be simplified to satisfy the following bound [82] ,
This shows that if there exists a set of parameters {α > 0, β > 0} such that one has an inequality (α ∂ D V − ρ ∂ ρ V ) ≥ β V , then using eqn. (4.5) one can convince that the following inequality holds,
Therefore, in order to seek for the de-Sitter no-go conditions, one sufficient condition to check would be to guarantee the existence of the two positive quantities α O(1) and β O(1) which satisfy the condition given as under,
NoGo-1: without (non-)geometric flux, i.e. V ω = V q = V r = 0
In the absence of any geometric and non-geometric fluxes, the scalar potential takes the following form,
where in this case the term V h arises from V HH after setting the ω, Q and R fluxes to zero. Similarly, the RR potential terms V fp , for p = 0, 2, 4, 6, arise from their respective pieces after setting the ω, Q and R fluxes to zero. This leads to the following form of the scalar potential pieces,
where A h and A fp 's are flux dependent non-negative quantities which do not depend on the volume moduli ρ and the dilaton D, while the local piece A loc can a priory have any sign, however for avoiding the runaway in the dilatonic direction D, one needs A loc < 0. Now it is easy to observe that the following relations hold,
(4.10)
Using these partial derivatives results in the following inequality,
Finding such an inequality is very crucial as it immediately shows that at the extremum in the two modulus (ρ, D) plane, the scalar potential cannot be positive,
whch therefore forbids de-Sitter solution in this minimal setting. Moreover, using eqn. (4.5), the inequality also leads to the following upper bound on the parameter,
which forbids any inflationary realization in this model.
The previous framework is very minimal and now we plan to include more ingredients to look for the possibility of avoiding the de-Sitter no-go condition. After including the so-called geometric flux ω, and still having no non-geometric fluxes, namely for the case when Q = 0 = R, the scalar potential takes the following form,
where as before V h arises from V HH but now only setting the Q and R fluxes to zero. Similarly, the RR potential terms V fp , for p = 0, 2, 4, 6, arise from their respective pieces after setting the Q and R fluxes to zero. In addition, now we have the V ω piece which can be generically sourced from both the F -term as well as the D-term contributions as seen from the eqn. (B.8). Let us recall here again that we are only setting the Q and R fluxes to zero, and not the geometric flux, and therefore V h will involve geometric flux contributions through the 'generalized flux orbits' we have defined in eqn. (B.4) to compactly write down the scalar potential. The same is the case for the pieces V fp 's and the local piece V loc which involve the flux orbits as defined in eqn. (B.4). With this in mind, we arrive at the following form of the scalar potential from our generic results,
where as can be directly read-off from the collection given in eqn. (4.3), one finds that A h , A ω , A loc and A fp are flux dependent quantities which do not depend on the volume moduli ρ and the dilaton D. Further, it is true that except the term A ω and the local term A loc , all the remaining ones are guaranteed to be positive semidefinite. Although a couple of pieces within A ω can be guaranteed to be positive semidefinite (e.g. the one coming from the D-term contributions), but the overall sign of A ω can not be a priory fixed. Moreover, all the terms have positive powers of e D , and therefore to avoid a runaway in that direction one needs A loc < 0 in this case. Now it is easy to observe that,
This presents an interesting fact. In the absence of Romans mass term, i.e. for V f 0 = 0, one arrives at the following inequality,
which leads to the following upper bound on the parameter using eqn. (4.5),
This observation tells us that in the absence of any non-geometric flux (Q and R), one needs the non-zero Romans mass term along with A loc < 0 and A ω > 0 in order to avoid the no-go condition [81] [82] [83] . Note that the need of V ω > 0 is not manifested from the above combination (∂ D V − ρ ∂ ρ V ) but can be seen from the previous one as given under,
and hence if V ω < 0, then the previous NoGo-1 condition would continue to hold leading to (3 ∂ D V − ρ ∂ ρ V ) > 9 V and hence > 27/13. Thus we conclude that merely including the geometric flux does not help for the purpose, and there are other things to engineer to avoid the no-go condition. However, let us recall that merely not finding a no-go condition does not guaranteed for the existence of de-Sitter vacua as breaking the known no-go is only a necessary but not a sufficient condition for the de-Sitter existence.
Evading the no-go conditions with non-geometric fluxes
On the similar lines of analysis we have discussed and continuing with the focus on the dependence in the (D, ρ) plane only, the generic scalar potential can be clubbed in the following form,
where we have
Here as before A h , A ω , A q , A r , A loc and A fp 's are flux dependent quantities which do not depend on the volume moduli ρ and the dilaton D. Now having full generalities at hand, the following conditions hold on the signs of these coefficients, Subsequently it is easy to observe that the following relations hold,
For studying the swampland conditions for generic cases having non-geometric fluxes, we take the following combination of the scalar potential derivatives,
where in the second equality we have eliminated the V loc piece as it is (one of) the possible negative piece on the right hand side of the equality. Now, given the uncertainties in the signs of various terms as mentioned in eqn. (4.23) it turns out that unlike the cases we have analysed without having any non-geometric flux, now it is not obvious if RHS in the second line of eqn. (4.25) can be guaranteed to be positive semidefnite for some α > 0.
In particular, one can easily verify how the two dS/inflationary no-go conditions revisited earlier can be evaded in the presence of the non-geometric fluxes, e.g. using α = 3 we get,
Without knowing the explicit form of the full scalar potential depending on all the moduli, axions and fluxes, and using schematic dependence on the D and ρ moduli it has been mentioned in [79] , that if V ω , V q and V r all are negative, then the earlier condition NoGo-1 continues to hold even after including the (non-)geometric fluxes. However, from our explicit computations in appendix B now we have seen that V r ≥ 0 and therefore the condition NoGo-1 is guaranteed to be evaded after including the non-geometric R-flux while keeping the V ω and V q pieces to zero, otherwise one would need to ensure that V ω + 2 V q + 3 V r > 0 holds in order to break the no-go condition. Similarly if we consider the second case with α = 1 corresponding to the condition NoGo-2 we get the following,
Therefore it shows that the condition NoGo-2 would hold as long as V q + 2 V r + V f 0 < 0 is satisfied. This would be though unlikely as V r ≥ 0 and V f 0 ≥ 0 and so V q has to be negative and compensate these two positive contributions. Moreover, this analysis also suggests that unlike the earlier proposal of [82] , now one may not need to demand the vanishing of the Romans mass term V f 0 , and the condition NoGo-2 can be also evaded by appropriately turning-on the non-geometric R-flux.
As a side remark, it is easy to observe that the two cases discussed in the previous subsections can be directly read-off from the eqn. NoGo2 :
New dS no-go scenarios for rigid non-geometric compactifications
In this subsection we will explore the possibility of finding some new de-Sitter no-go conditions in the context of type IIA setup with frozen complex structure moduli. This corresponds to having the following period vectors,
which subsequently leads to constant components in the moduli space metric given as under,
It is straight forward to convince that this choice of normalization satisfy all the relations presented in eqn. (B.6). Subsequently, the total F -term and D-term contributions to the scalar potential given in eqns. (B.7)-(B.8) takes the following simpler form,
where the 'generalized' flux orbits contain the NS-NS and R-R axionic moduli, namely the b a and ξ K as seen from eqn. (B.4). Let us emphasize here that the above formulation for the scalar potential given in the eqn. (4.30) is generic for the type IIA setups with frozen complex structure moduli, and once a complete set of Bianchi identities is known, one can utilize the same for studying the possibilities about having or not having the de-Sitter solutions in generic scenario of the rigid type IIA flux compactifications. Rather than studying it in full generality, we investigate the possibilities for our toroidal setup with T 6 /(Z 3 ×Z 3 )-orientifold, where e.g. the full set of Bianchi identities are explicitly known to us, and then one may extrapolate our results and speculate for beyond toroidal situations. For our current type IIA setup with T 6 /(Z 3 × Z 3 ) orientifold compactification, we have h 1,1 + = 0 and hence no fluxes with indices α ∈ h 1,1 + are allowed to be present, and subsequently there are no D-terms generated, V D = 0. Further, for our toroidal case, h 1,1 − = 3 and so a ∈ {1, 2, 3}. In addition, we have the following relations arising from the only non-vanishing triple intersection number being κ 123 = 1,
In the absence of any D-term contribution in this construction, the total scalar potential arising from the generic fluxes can be given as under,
Thanks to our generalized flux-orbits and the generic formulation of the scalar potential using which we have read-off the scalar potential in the above compact form as given in eqn. (4.32) . It is remarkable that the full scalar potential written in the above four lines has 391 terms, and to have a cross-check, the interested readers can compute the scalar potential in two ways; one from eqn. (4.32) via using moduli space metric given in eqn. 
where the chiral variables are given as T a = b a + it a and N 0 = ξ 0 2 + i e −D . Using the particular details (e.g. the moduli space metrics etc.) about this model we can be more specific about the scalar potential terms; for example the generalized RR piece of the scalar potential takes the following form, p=0,2,4,6
Let us mention that the Bianchi identities satisfied by the usual fluxes continue to hold after promoting the various flux components to their respective generalized flux orbits as defined in eqn. (B.4) . Subsequently, the 'generalized' flux constraints for the current type IIA setup can be given as under, 10 20 
This helps us in significantly nullifying the various scalar potential terms. For example, let us consider all the terms of the ( + HQ)-type which we denote as V ω ,
This not only shows that the HQ-terms are cancelled by the -terms but also fixes the sign of V ω to be positive semidefinite. Similarly for the scalar potential terms of ( R+QQ)type clubbed in V q , we get the following simplifications after nullifying many pieces out of the generalized Bianchi identities,
where all pieces except the V loc are non-negative with their explicit forms given as under,
Now let us recall that in order to avoid the de-Sitter no-go case we have invoked two conditions: V ω + 2 V q + 3V r > 0 and the other one being V q + 2 V r + V f 0 > 0. In our current example, we have all the pieces positive except the local term V loc , and therefore if moduli stabilization can be made in a trustworthy regime, there is a possibility of finding a de-Sitter minimum. On these lines, now our aim is to investigate if there exist some de-Sitter solution, and also the possible new de-Sitter no-go conditions with a given particular choice of the fluxes. After simplifying the scalar potential explicitly, one can convince that the Bianchi identities in eqn. (4.35) written in terms of the generalized flux orbits are equivalent to the following correlations among the various pieces,
This is quite peculiar simplification for this model. Although we have nullified some terms in the scalar potential via directly using the Bianchi identities, it is still possible that there would be further simplifications once we consider the explicit flux solutions allowed by the Bianchi identities given in eqn. (3.12) . We have classified the solutions of these identities into eight types as presented in eqn. (3.13) . Moreover, let us also mention that as we have argued, the Bianchi identities with usual fluxes presented in eqn. (3.12) can be simply promoted to the ones given in eqn. (4.35) using generalized flux orbits. The same can be further used in simplifying the potential and for any phenomenological purpose because of the scalar potential being compactly written out in terms of the generalized flux orbits. In addition, given that these generalized flux orbits depend only on fluxes and axions and not on the saxions, we can simply use the solutions of Bianchi identities given in eqn. (3.13) by promoting them to the generalized flux orbits. As axions do not interfere with our saxionic analysis and the approach to invoke or evade de-Sitter no-go conditions via looking at some inequalities arising from the extremization of the saxions, it is justified to take the axionic flux orbits just as fluxes satisfying the relations in (4.35) and having solutions as under, S1 : 10 = 20 = 30 = 0, Q 1 0 = Q 2 0 = Q 3 0 = 0, R 0 = 0 ; 
. Now we will take each solution separately to check if there exist a no-go condition for realizing de-Sitter vacua. For that purpose, we will simply consider the following three steps,
• step1: first, we solve for extremization conditions for all the four saxionic moduli, namely {ρ 1 , ρ 2 , ρ 3 } and D via,
which leads to identification of some of the scalar potential pieces when evaluated at the extremum.
• step2: we evaluate the potential at the extremum using the identification of pieces from step 1, and we check if that is non-positive or not ! In case it is, we are done, otherwise we further go to the step 3.
• step3: we evaluate the trace and the determinant of the 4 × 4 Hessian at the critical point to check if they are positive or not ! Let us demonstrate this procedure for one of the cases in detail, say with the third solution of S3 to illustrate the steps explicitly and then we will directly tabulated the results for all the solutions. For this case the only non-zero NS-NS flux orbit we have is 30 = 0 which leads to,
This can be also understood from the relations in eqn. (4.41) which follow from the Bianchi identities given in eqn. (4.35) . Subsequently, the extremization conditions can be translated into the following four constraints,
Using the above conditions in the scalar potential leads to the following form at the extremum,
which ensures the no-go for the de-Sitter vacua. We have applied this technique to conclude that all of the flux solutions except the S8 result in the no-go scenarios for de-Sitter realization. Moreover one can also derive the swampland inequalities using the derivatives of the potential which are given as under,
Given that all the pieces in our scalar potential are non-negative except for the piece V loc , and therefore we can cook many possible scenarios in which de-Sitter no-go conditions can be derived for some particular set of flux choices. For example, we can take the following combinations of the scalar potential derivatives which would be useful,
With some efforts, one leads to the following inequalities resulting into the de-Sitter no-go conditions for their respective flux solutions,
S3
:
S4
S5
S6
S7
It is remarkable that for all the solutions in eqn. (4.42) except the last one, namely the one denoted as S8, we find de-Sitter no-go conditions. For the solution S8, we have performed some detailed numerical investigations, but we could not manage to find any de-Sitter vacua using integral fluxes. It might be related to the fact that the Bianchi identities in eqn. (4.35) somehow do not allow for any flux hierarchy for the NS-NS fluxes which could have been helpful for the realizing a de-Sitter minimum at large volume.
Conclusions
In this article we have studied the effects of including non-geometric fluxes in the fourdimensional type II models which arise with compactifications using rigid (Calabi Yau) threefolds. In this regard we have considered an explicit construction using the T 6 /(Z 3 × Z 3 ) toroidal orbifold. First we have presented the so-called missing Bianchi identities in the four-dimensional N = 2 theory before orientifolding the setup to be later studied in explicit type IIA and type IIB context. In type IIB orientifold we have observed that the missing Bianchi identities are quite strong and whenever one wants to have at least one non-trivial component for the H 3 -flux, say for example needed to fix the universal axio-dilaton modulus, there remains no scope for turning-on any non-geometric Q-flux, and hence getting back to the no-scale-structure in which the three Kähler moduli remain unstabilized. Based on these observations we also argue that if the same could be promoted to the case of rigid CY threefolds, then several minimal non-geometric setups with rigid CYs, for example (some) models proposed in [25, 26, 28, 158] might be in problem, though one would certainly need to ensure that the conjectured form of the identities in [69] , which is further supported by the current analysis, is indeed true for the beyond toroidal cases. On the type IIA side, we have investigated the solutions of Bianchi identities in some good detail and have found that seven out of eight classes of solutions result in de-Sitter nogo scenarios despite having non-geometric fluxes turned-on, though a no-go for the most generic case could not be found. However in our numerical search we could not manage to find a trustworthy de-Sitter vacua, in the sense of having large enough volume and small string-coupling, using the integer flux values satisfying the Bianchi identities.
With the explicit analysis and the observations made for the non-geometric rigid type II orientifolds using T 6 /(Z 3 × Z 3 ) setup, it could be conjectured that finding de-Sitter vacua with integer fluxes satisfying all the Bianchi identities should not be possible in more generic rigid compactifications with (non-)geometric fluxes.
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A Ingredients for the T 6 /(Z 3 × Z 3 ) orbifold and its orientifolds
In this section we present the relevant pieces of information on the explicit construction of the T 6 /(Z 3 × Z 3 ) orbifold [71] . Our aim is to first present the computations about (nongeometric) flux components and moduli surviving under the orbifold action regarding the N = 2 non-geometric construction, and subsequently we will provide those explicit details for the type IIA and type IIB orientifolds as well.
A.1 Fluxes and moduli in the N = 2 orbifold compactifications Let us start by considering the complexified coordinates on the six torus T 6 to be defined as under,
subject to the periodic conditions,
This six-torus has a Z 3 symmetry Θ 1 acting in the following manner,
This Θ 1 action has 27 fixed points and the subsequent orbifold is a singular limit of a Calabi Yau threefold with Euler character χ = 72. Moreover, as analysed in [167, 168] the resulting space has an additional Z 3 symmetry acting in the following manner,
which doesn't have any fixed point. Further modding out the six-torus with the second Z 3 action leads to a singular limit of a Calabi Yau threefold with χ = 24 having 9 Z 3 singularities. To be more specific, the T 6 /(Z 3 × Z 3 ) orbifold compactification results in a construction with frozen complex structure moduli, i.e. having h 2,1 = 0 and h 1,1 = 12 which corresponds to 3 standard Kähler moduli and 9 blow-up modes. However, in our current study we will focus only on the untwisted sector and hence for us,
Twist invariant forms and moduli
Now it is easy to construct the twist invariant forms to represent the various moduli and fluxes present in the theory. For that purpose let us first note that
This leads to the following twist invariant two-forms µ A ,
section number κ 123 ≡ κ = 1. For that let us rescale the complex coordinates by dz i → 3 − 1 12 dz i ; ∀ i = {1, 2, 3}, which would lead to i T 6 /(Z 3 ×Z 3 ) dz i ∧ dz i = 3 2/3 , and subsequently the normalizations can be set as under,
and the four-formsμ A 's which are dual to the two-forms (µ A ) are defined as under,
Now the overall normalization has been fixed as under,
Further, the twist-invariant three-form Ω can be defined as under,
where the real cohomology bases are represented as under,
Here the shorthand notations 2 ∧ 4 ∧ 6 = dx 2 ∧ dx 4 ∧ dx 6 etc. have been used, for which the normalization is given as α Λ ∧ β ∆ = δ Λ ∆ . Moreover under the orbifold twists we have only two components of the three-form to be non-zero as there are following constraints to be imposed,
where the normalization in the unique holomorphic three-form Ω has been fixed via,
In terms of real cohomology, the holomorphic three-form Ω can be represented as,
Twist invariant fluxes
For our particular T 6 /(Z 3 × Z 3 ) orbifold construction, we now come to the discussion on the various flux components which survive under the two orbifold twists, 
A.2 Fluxes and moduli in the N = 1 orientifold compactifications Type IIA using a T 6 /(Z 3 × Z 3 ) orientifold:
The four-dimensional N = 1 type IIA model is constructed with the orientifold of a T 6 /(Z 3 ×Z 3 ) orbifold. For that purpose, we further quotient the orbifold by O = Ω p (−1) F L σ, where Ω p is the worldsheet parity while (−1) F L corresponds to the left moving fermion number, and the anti-holomorphic involution σ is defined by the following action on the complex coordinates:
Under the orientifold action σ, the (1, 1)-cohomology splits into a trivial even sector and a non-trivial odd sector, i.e. we have h 1,1 = h 1,1 − = 3 and h 1,1 + = 0. In our conventions A = {α ∈ h 1,1 + , a ∈ h 1,1 − }. Further one has σ : Ω → Ω, and therefore A 0 is even while B 0 is odd under the involution. With some computations it turns out that the surviving NS-NS flux components and their respective cohomology versions are given as under, 
Type IIB using a T 6 /(Z 3 × Z 3 ) orientifold:
The four-dimensional N = 1 type IIB model is constructed with the orientifold of a T 6 /(Z 3 ×Z 3 ) orbifold. For that purpose, we further quotient the orbifold by O = Ω p (−1) F L σ, where Ω p is the worldsheet parity while (−1) F L corresponds to the left moving fermion number, and the holomorphic involution σ is defined by the following action:
Under the orientifold action σ, the (1, 1)-cohomology splits into a trivial odd sector and a non-trivial even sector, i.e. we have h 1,1 = h 1,1 + = 3 and h 1,1 − = 0 which means that there are three Kähler moduli T α and no odd-moduli G a being present in this construction. Recall that in our conventions A = {α ∈ h 1,1 + , a ∈ h 1,1 − }. Further one has σ : Ω → − Ω, and therefore A 0 as well as B 0 both are odd under the involution. Also given that the NS-NS flux H 3 is odd, and therefore with some computations it turns out that the surviving NS-NS flux components are given as under, B Details on the Type IIA scalar potential
Within the two-derivative approximations, the four-dimensional N = 1 type IIA scalar potential receives two types of contributions; one arising from the F -term while the other arising from the D-term effects, which have been computed for the generic case in [57] , and can be expressed in the following collection,
where explicit expressions for the various pieces are summarized as under,
Notice that in the absence of (non-)geometric fluxes, the collection of scalar potential pieces in eqns. (B.2) reduces into the ones presented in [169, 170] . In addition, using the moduli space metric relations in eqn. (B.5), it is easy to observe that our scalar potential in eqn. (B.2) reduces into the one presented in [82] when the non-geometric Q and R fluxes are absent but the geometric flux contributions are included. For the current interest in this work regarding the de-Sitter no-go scenarios, we recollect the scalar potential pieces in eqn. (B.1) in some particular manner given as under,
where the various pieces can be read-off from the eqn. (B.2) in the following way,
Here let us mention that we have clubbed the "HQ-type" and the "ωR-type" cross-terms into what we call V ω and V q pieces respectively. As may be obvious from eqn. (B.2), the same has been done because the "HQ-terms" scale similar to "ω 2 -terms" in two-cycle volume moduli t a and the dilaton D, and similarly the "ωR-terms" scale as those of the "Q 2 -terms" in these two moduli. Moreover, the two positive definite D-term contributions, which we have denoted as V (1) D and V (2) D , are also clubbed along with their respective pieces into V ω and V q respectively.
Also note the fact that the various pieces in the scalar potential given in eqns. (B.7)-(B.8) involve the generalized flux orbits as defined in eqn. (B.4), and therefore assuming that V h piece involves only the NS-NS H 3 -flux components would be misleading as the flux orbit H can generically have all the NS-NS fluxes, namely the H, ω, Q and R fluxes. The same argument holds true for the other pieces as well. Our observation from the explicit computations of the scalar potential also tells us that the naive form of the scalar potential as assumed in [85] can be only valid for the cases when the NS-NS axionic moduli b a 's are set/stabilized to zero as in that case the generalized flux orbits would reduce into the usual flux components.
We use this scalar potential given in eqns. (B.7)-(B.8) for our current analysis in this work. Our generic scalar potential with explicit dependence on all the moduli and the fluxes should enable one to explore more possibilities either for evading or finding new no-go conditions with different set of flux choices considered in a given scenario.
